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(54) Title of the Invention 

PRODUCTION OF EXPANDABLE THERMO PLASTIC RESIN PARTICLES 

(57) [Abstract] 
[Subject] 

To obtain exactly spherical expandable resin particles in a melt extrusion cutting method excellent in 
productivity. 
[Resolution Means] 

A thermo-plastic resin represented by polystyrene and a blowing agent are melt kneaded in an 
extruder, then extruded into a heated pressurized fluid from a die, instantaneously cut off and 
granulated, and subsequently heat-treated in the presence of a dispersant or a surfactant. 
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[Claims] 

[Claim 1] 

A production method of expandable thermo-plastic resin particles characterized by the fact 
that a thermo-plastic resin (A) and a blowing agent (B) are melt kneaded (process 1), extruded from 
the extrusion holes of a die head into a heated pressurized fluid that is heated and pressurized to a 
temperature and a pressure at which the melt blend of the thermo-plastic resin (A) and the blowing 
agent (B) does not foam and instantaneously cut off (process 2), further heated (process 3) and then 
cooled, depressurized and withdrawn (process 4). 

[Claim 2] 

The production method according to Claim 1 wherein the thermo-plastic resin (A) and the 
blowing agent (B) are introduced into an extruder and melt kneaded by a system comprising the 
extruder, a pressure-resistant vessel having a cutter arranged so as to cut the resin extruded from the 
die head of the extruder and filled up with the heated pressurized fluid and a storage vessel installed 
with a heating/cooling jacket and arranged with pipes so that the heated pressurized fluid can recycle 
between the pressure-resistant vessel and the storage vessel (process 1), next the blend is extruded 
from the extrusion holes of the die head into the pressure-resistant vessel filled up with the heated 
pressurized fluid, cut off inside the vessel to make resin particles (process 2), which are then are 
transferred to the storage vessel installed with the heating/cooling jacket while the heated pressurized 
fluid is recycled between the pressure-resistant vessel and the storage vessel via the pipes; after-ward 
the obtained particles are further heated in the presence of a dispersant or a surfactant (process 3), 
subsequently cooled to a temperature at which the particles do not foam at normal pressure, the 
pressure is returned to normal pressure and then the particles are withdrawn (process 4). 

[Claim 3] 

The production method according to Claim 2 wherein the resin particles are transferred to the 
storage vessel, the dispersant or the surfactant is introduced into the storage vessel and then heated in 
the process 3. 

[Claim 4] 

The production method according to Claim 1 , 2 or 3 wherein the heated pressurized fluid in 
the process 2 is pressurized to 2 to 20 kg/cm 2 . 
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[Claim 5] 

The production method according to Claim 1, 2, 3 or 4 wherein the heated pressurized fluid in 
the process 2 is heated to 40 ~ 100°C. 
[Claim 6] 

The production method according to any of Claims 1 ~ 5 wherein the particles are heated to 
90 ~ 130°C and kept as they are to spherulitize in the process 3. 
[Claim 7] 

The production method according to Claim 6 wherein the heating and retention in the process 

3 are conducted under a pressure condition of 2 - 30 kg/cm 2 . 

[Claim 8] 

The production method according to any of Claims 1 ~ 7 wherein the melt kneading of the 
thermo-plastic resin (A) and the blowing agent (B) in the process 1 is conducted within a temperature 
range of 130- 300°C 

[Claim 9] 

The production method according to any of Claims 1 ~ 8 wherein the cooling in the process 

4 is conducted from a temperature of the heated pressurized fluid inside the storage vessel in the 
process 3 to a temperature that is below a temperature at which the expandable thermo-plastic resin 
particles do not foam at normal pressure and is a temperature below 40°C. 

[Claim 10] 

The production method according to any of Claims 1 ~ 9 wherein the thermo-plastic resin (A) 
is an aromatic vinyl resin. 

[Detailed description of the invention] 
[0001] 

[Technical field of the invention] 

The present invention relates to a production method of expandable thermo-plastic resin 
particles useful for purposes of various package containers, damping materials and adiabatic materials. 
[0002] 
[Prior art] 

As a method for obtaining foam molded objects of thermo-plastic resins, for example, a 
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method wherein 1 ~ 20 wt% of a volatile blowing agent is impregnated into thermo-plastic resin 
particles obtained by suspension polymerization to make expandable thermo-plastic resin particles, 
such expandable thermo-plastic resin particles are heated above the softening point with steam to 
make preliminary foamed resin particles, then these preliminary foamed resin particles are packed into 
a closed-type metal die whose inside may be heated with steam, etc. from small holes or slits, heated 
with steam, etc., the preliminary foamed resin particles are melted and fused with each other to make 
a foam thermo-plastic resin molded object (referred to foam molded object hereafter) like the above 
closed-type metal die has been generally carried out before. However, in the suspension 
polymerization making the expandable resin particles supplied for this in-mold foam molding, resin 
particles with uniform particle diameter were not obtained, a particle size adjustment by sieving was 
essential, thus there was such a problem that the production of products, in which additives retarding 
the dispersion stability in water were used, was much restricted and extremely difficult and there was 
also such a problem that the regeneration of foam molded objects and recovered expandable 
thermo-plastic resin particles, etc. that did not reach quality specification was impossible. 

[0003] Accordingly, for example, a so-called melt-extrusion cutting method wherein a 
thermo-plastic resin and a foaming agent are melt kneaded in an extruder, extruded into a heated 
pressurized fluid and cut off in the fluid for foam prevention has been proposed in place of 
thermo-plastic resin particles made by the above suspension polymerization. 

[0004] 

[Problems to be Solved by Invention] 

This method not only enables producing expandable resin particles from a raw material resin 

at a stroke, but also enables continuous production and thus is remarkably excellent in productivity, 

but it has the problem that the formation of particles is based on mechanical cutting with a cutting edge, 

therefore exactly spherical particles cannot be obtained because cutting traces remain or bulging due to 

non-uniform extrusion and die swell, etc.. If such particles are expanded, the degree of deformation is 

further enlarged, finally, there was the problem that not only the smoothness reduces and the 

appearance deteriorates at the surface of a foam molded product but, in turn, these cause surface gaps, 

the strength lowers, and water leakage occurs in case of a container for fresh fish transported while 

immersing in ice water. 

[0005] The problem overcome by the present invention consists in providing a production 
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method of exactly spherical expandable thermo-plastic resin particles for obtaining a foam molded 
object having excellent quality characteristics such as surface smoothness and fusibility, etc. in the 
melt extrusion cutting method having satisfactory productivity. 
[0006] 

[Problem resolution means] 

The inventors repeated earnest studies that should solve the above problems, and 
consequently discovered that if a blow agent is melt kneaded into a thermo-plastic resin, then 
extruded into a heated pressurized fluid under a temperatures and a pressure at which the particles do 
not foam, is instantaneously cut off, the obtained resin particles are further heated in a heated 
pressurized fluid containing a dispersant or a surfactant for preventing the agglomeration of resin 
particles, then cooled, depressurized and withdrawn, uniform preliminary foamed particles and a foam 
molded object excellent in quality characteristics such as surface smoothness and fusibility, etc. are 
obtained, thus came to accomplish the present invention. 

[0007] Namely, the present invention relates to a production method of expandable 
thermo-plastic resin particles wherein a thermo-plastic resin (A) and a blowing agent (B) are melt 
kneaded (process 1), extruded from extrusion holes of a die head into a heated pressurized fluid that is 
heated and pressurized to a temperature and a pressure at which the melt blend of the thermo-plastic 
resin (A) and the blowing agent (B) do not foam and instantaneously cut off (process 2), further heated 
(process 3) and then cooled, depressurized and withdrawn (process 4). 

[0008] Thermo-plastic resins (A) used in the present invention are not specially limited and 
may be resins that can be expanded by a blowing agent, for example, aromatic vinyl resins such as 
polystyrene, styrene-butadiene copolymer, impact polystyrene, styrene-(meth)acrylic acid 
copoly-mer, styrene-maleic anhydride copolymer, AS resin, ABS resin, etc.; vinyl chloride resins 
such as vinyl chloride resin, vinylidene chloride resin, vinyl chloride-vinyl acetate copolymer, etc.; 
olefin resins such as polyethylene, polypropylene, etc.; acrylic resins such as polymethyl 
(meth)acrylate, polyethyl (meth)acrylate, methyl methacrylate-styrene copolymer, etc.; polyester 
resins such as polyethylene terephthalate, polybutylene terephthalate, etc.; amide resins such as 
polycaprolactam, hexamethylene adipamide resin, etc.; polyurethanes, polycarbonates, 
polyether-imides, polyphenyl-ene ethers, etc. or their mixtures are listed, aromatic vinyl resins, olefin 
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resins are more preferable and aromatic resins are especially preferable among them. 

[0009] As blowing agents (B) used in the present invention, for example, aliphatic 
hydrocar-bon blowing agents, halogenated hydrocarbon blowing agents, etc. are listed, and those 
having a boiling point of 95°C or below under ordinary atmospheric pressure are preferable. 

[0010] As the above aliphatic hydrocarbon blowing agents, for example, ethane, propane, 
n-butane, isobutylene, n-pentane, isopentane, neopentane, cycloheptane, hexane, cyclohexane, 
petro-leum ether, etc. are listed; as the halogenated hydrocarbon blowing agents, for example, methyl 
chlo-ride, ethyl chloride, dichloroethane, chloroform, fluoromethane, difluoromethane, 
trifluoromethane, difluoroethane, trifluoroethane, fluorochloromethane, fluorochloroethane, 
dichlorodifluoromethane, etc. or their mixtures are listed. C 3 ~ C 6 aliphatic hydrocarbons, especially 
n-butane, isobutane, n-pentane, isopentane, are preferable from viewpoints of proper boiling point, 
excellent foamability and also excellent micro-dispersibility. 

[0011] The amount of blowing agent (B) is not specially restricted, but it is commonly 20 pt 
(abbreviation of "weight by part") to 100 pt of thermo-plastic resins, and 2 to 10 pt is preferable from 
viewpoints of no agglomeration of particles and easily available uniform cell diameter. 

[0012] When propane, n-butane, isobutane, n-pentane, isopentane or cyclohexane, etc. in the 
above blowing agents (B) are used separately or by combinations, organic solvents for dissolving 
thermo-plastic resin particles in blowing agent impregnation, so-called foaming aids 5 are preferably 
used together. As examples of such foaming aids, well-known conventional solvents like aromatic 
hydrocarbons such as benzene, toluene, xylene, ethylbenzene, etc.; halogenated hydrocarbons such as 
ethylene dichloride, trichloroethylene, tetrachloroethylene, etc.; esters such as ethyl acetate, butyl 
acetate, etc. may be listed. 

[0013] Among the solvents, toluene and ethylbenzene are preferable from viewpoints of 
excellent compatibility with the thermo-plastic resin particles (A) and the blowing agent (B), good 
efficiency of blowing agent and incorporation into the thermo-plastic resin particles. 

[0014] Usually, the amount of such foaming aids is preferably within a range of 0. 1 ~ 2 wt% to 
100 pt of thermo-plastic resin. 

[0015] In the production method of present invention, the objective expandable thermo-plastic 
resin particles are produced by passing through the following processes. Namely, the objective 
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expandable thermo-plastic resin particles are produced by (1) a thermo-plastic resin (A) and a blowing 
agent (B) are melt kneaded (process 1), (2) extruded from extrusion holes of a die head into a heated 
pressurized fluid that is heated and pressurized to a temperature and a pressure at which the melt blend 
of the thermo-plastic resin (A) and the blowing agent (B) do not foam and instantaneously cut off 
(process 2), (3) further heated (process 3), then (4) cooled, depressurized and withdrawn (process 4). 

[0016] More specifically, the method which passes through (1) the thermo-plastic resin (A) 
and the blowing agent (B) are introduced into an extruder and melt kneaded by a system comprising 
the extruder, a pressure-resistant vessel having a cutter arranged so as to cut the resin extruded from 
the die head of the extruder and filled up with a heated pressurized fluid and a storage vessel installed 
with a heating/cooling jacket and arranged with pipes so that the heated pressurized fluid can be 
recycled between the pressure-resistant vessel and the storage vessel (process 1); (2) the blend is 
extruded from the extrusion holes of the die head into the pressure-resistant vessel filled up with the 
heated pressurized fluid and cut off inside the vessel to make resin particles (process 2); (3) the resin 
particles are transferred to the storage vessel installed with the heating/cooling jacket while the heated 
pressurized fluid is recycled between the pressure-resistant vessel and the storage vessel via the pipes, 
afterward the obtained particles are further heated in the presence of a dispersant or a surfactant 
(process 3), and (4) the resin particles are cooled to a temperature at which the particles do not foam at 
normal pressure, the pressure is returned to normal pressure and then the particles are withdrawn 
(process 4) enables to continuously produce the objective expandable thermo-plastic resin particles 
and is preferable from the fact that the productivity is markedly improved. 

[0017] The processes are described in detail hereafter. In the process 1, for example, a method 
wherein a thermo-plastic resin (A) and a blowing agent (B) are meld kneaded above the melting 
temperature of (A) by an extruder is cited as a method for melt kneading the thermo-plastic resin (A) 
and the blowing agent (B). Usually, extruders such as monoaxial extruder, biaxial extruder, tandem 
extruder, etc. are used as the extruder. As other extruders, a static mixer may also be used. As 
examples using the static mixer, a method wherein a melted thermo-plastic resin continuously obtained 
by a block or solution polymerization process is melt kneaded by removing unreacted monomers and 
solvents in a degassing tank after the end of polymerization and mixing a blowing agent with various 
additives by a static mixer attached via gear pumps is cited. 
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[0018] The introduction period of blowing agent (B) is not specially restricted when the 
thermo-plastic resin is semi-melted or melted, the resin is preferably pressed, e.g., from the midway 
portion of extruder or from its inlet portion when the static mixer is used. The temperature of melt 
kneading may be such a temperature for melting thermo-plastic resin particles (A) and is not specially 
restricted, but a temperature range of 130 to 300°C is preferable from a viewpoint of more uniform 
mixing of the blowing agent (B). 

[0019] Next, as the process 2, the melt knead of the thermo-plastic resin particles (A) and the 
blowing agent (B) are extruded from extrusion holes of a die head installed at the front end of a melt 
kneader and then cut off to make particles. The die head used here is not specially restricted, for 
example, a die head having extrusion holes of 0.3 to 3 mm in diameter, preferably 0.5 to 1 .5 mm is 
cited. A cutting unit after extrusion is not specially restricted, for example, a cutting unit comprising a 
storage vessel and a pressure-resistant vessel with an inlet port and a discharge port capable of 
recycling a heated pressurized fluid filled inside it (referred to [cutting boxj hereafter) and fixed to the 
die head so that the blowing agent-containing thermo-plastic resin extruded from the die head can be 
immediately cut off by a cutter is cited. 

[0020] The heated pressurized fluid may be a fluid that can be pressurized to a pressure 
capable of preventing the foaming of above particles and is not specially restricted, for example, water, 
glycol, ethylene glycol, a mixture of water and ethylene glycol, etc. are listed. Heated pressurized 
water is preferable among them from viewpoints of easy control of temperature of the heated 
pressurized fluid and insolubility for the resins. 

[0021] The temperature condition of a heated pressurized fluid used here is not specially 
restricted and may be a temperature range in which a melted resin is heated to an extent that it can be 
extruded from the die and granulated by cutting, specifically, it is preferably a range of 40 ~ 100°C. 
More specifically, for example, the temperature for granulating in heated pressurized fluid is 
prefer-ably a range of 50 ~ 85°C in case the thermo-plastic resin (A) is a styrene resin and the blowing 
agent (B) is butane (including various isomers of n-butane) or pentane (including various isomers of 
n-pentane). 

[0022] The pressure condition of heated pressurized fluid is not specially restricted and may be 
a pressure at which the expandable thermo-plastic resin particles do not foam at a fluid temperature in 
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the above-mentioned cutting box, i.e., a pressure above the saturated vapor pressure of the blow agent 
at the common temperature of heated pressurized fluid, more specifically, it is preferably 2-20 
kg/cm 2 in case the heated pressurized fluid is filled up in the cutting box. 

[0023] The process 3 is a process for exactly spherulitizing the thermo-plastic resin particles 
obtained in the process 2, at this time, the resin particles obtained by cutting are heated in pipes or the 
storage vessel while agitating, but the particles are preferably transferred into the storage vessel and 
then heat-treated from a viewpoint of uniformity of shape. In the heat treatment of the heated 
pressurized fluid of process 3, as already described, a dispersant or a surfactant is used to prevent the 
agglo-meration of particles, it may exist inside the cutting box beforehand in the process 2, but it is 
preferable that the resin particles obtained in the process 2 are transferred to the storage vessel and then 
the dispersant or surfactant is added into the vessel by pressing and subsequendy heated. 

[0024] The dispersants are not specially restricted, for example, partially saponified polyvinyl 
alcohol, salts of polyacrylic acid, polyvinylpyrrolidone, carboxymethyl cellulose, methyl cellulose, etc. 
are listed as organic compounds; phosphates, carbonates, sulfates of calcium, magnesium, barium, etc. 
and magnesium oxide or bentonite, etc. are listed as inorganic compounds. The following surfactants 
are generally used together for the compounds, but they may also not be added if no agglomeration 
occurs. 

[0025] The surfactants are not specially restricted here, for example, sodium alkyl benzene 
sulfonate, sodium C 6 ~ C (2 a-olefin sulfonate, sodium oleate or sodium laurate, etc. are listed. 

[0026] A pH regulating agent and an electrolyte may also be used for preventing the 
agglo-meration of resin particles and stabilizing the dispersion in the process 3, for example, caustic 
soda, sodium chloride, sodium sulfate, etc. are listed. They may be used together with the 
above-men-tioned dispersants. 

[0027] The heated pressurized fluid containing resin particles is further heated in the process 
3 in a state that the dispersant or surfactant is added, and an optimum value of temperature condition 
may be properly decided according to the softening temperature and the melting viscosity of the resin 
containing the blowing agent and various additives. A higher temperature is desirable in order to 
complete the spherulitization and shorten the treatment time, but a treatment at a temperature beyond 
fitness easily causes the agglomeration of particles. When these various effects and restrictions are 
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considered, a range of 90 ~ 130°C is preferable. The fluid pressure condition of the heated pressurized 
fluid may be a pressure at which the expandable thermo-plastic resin particles do not foam in the 
spherulitization treatment, for example, it is preferably 2-30 kg/cm 2 . Under such a condition, a time 
taken in the spherulitization treatment to keep the temperature after heating changes with the softening 
temperature of expandable thermo-plastic resin particles, the temperature of heated pressurized fluid 
and then the effects of agitation, and it is preferably 5 ~ 300 min after heating. 

[0028] The existence ratio of resin particles and heated pressurized fluid in the above process 
2 and process 3 is not specially restricted, in the process 2, an excess of the heated pressurized fluid 
over the expandable resin particles, more specifically, a range of expandable resin particles/heated 
pressurized fluid (weight ratio) = 1/50 ~ 1/300 is preferable in agglomeration prevention of particles 
and safety at the time of transferring the particles in pipes; on the other hand, in the process 3, the resin 
particles and the fluid are separated before transferring to the storage vessel, for example, the 
concentration of resin particles is increased in a range of expandable resin particles/heated pressurized 
fluid = 1/1 ~ 1/3 (weight ratio), but it is preferable in treatment of a waste containing the dispersant and 
heating/cooling rate of a slurry (a mixture of resin particles/heated and pressurized fluid). Then, it is 
preferable in production efficiency that the separated residual heated pressurized fluid is returned to 
the cutting box and recycled from a viewpoint of making a continuous production possible. 

[0029] Successively, in the process 4, the heated pressurized fluid containing the expandable 
thermo-plastic resin particles ended with the treatment in the process 3 are removed from the system 
and cooled under pressure batch-wise or continuously until a temperature at which they do not foam at 
normal temperature. This ("temperature at which they do not foam at normal temperaturej is not 
specially restricted, but 30°C becomes one standard. After the cooling is ended, the pressure in 
sys-tem is returned to normal pressure, the expandable thermo-plastic resin particles are withdrawn 
from the system and the series of production operations are finished. Here, it is also preferable that the 
fluid separated from the expandable resin particles is recycled to the cutting box again and reused. 

[0030] In the production method of present invention described in detail above, an example 
of the series of production processes is described based on a process drawing shown in Fig. 1 . In a 
tandem extruder composed of two extruders connected with a connecting pipe 5, a thermo-plastic 
resin component is fed to a hopper 1 of the first extruder 2 and a blowing agent is pressed in by pumps 
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from lines 3 and 4 by estimating that the resin is melted by screw and fully melt kneaded by the screws 
with a structure of good blendability (process 1), next the melted resin kneaded with the blowing agent 
is moved to the second extruder 6 through the connecting pipe 5, cooled to an optimum temperature 
and extruded from a die head 7 with numerous small holes while continuing the kneading of blowing 
agent. 

[0031] The extruded resin is cut off by a cutting blade 8 that rotates at a high speed in a cut-ting 
box 9 closely adhered to the die head 7 to make spherical particles, then transferred to a first storage 
vessel 16 (or a second storage vessel 18) mounted with an agitator 17 (or 19) and a jacket for 
temperature control in the form of a slurry with excessive heated pressurized fluid (resin particles/ 
fluid =1/50-300). 

[0032] A filter 20 (or 21) is mounted at the bottom of this first storage vessel 16 (or second 
storage vessel 18), the resin particles and the heated pressurized fluid are separated here (process 2). 
The resin particles containing the blowing agent are reserved in the storage vessel 16. 

[0033] On the other hand, the fine resin particles passing through the filter 20 (or 21) in the 
storage vessel 16 (or 18) are further removed by a filter 27 via a valve 22 (or 23), then entered into a 
normal-pressure recycling vessel 28 to return to normal pressure. This normal pressure fluid is 
delivered by a pump 32, temperature controlled with a heating fluid passing through a heat exchanger 
31, pressurized by a pressure pump 29, fed to the cutting box 9 and recycled. A fine adjustment of 
pres-sure is conducted by not only the pressure pump 29 but also a fluid return pump-line 30 for 
pressure adjustment. 

[0034] The resin particles stored in the storage vessel 16 (or 18) keeps a pressure by closing a 
valve 10 and the valve 22 [at this time, a pressure-adjusting valve 12 (or 14) is opened to keep the 
pressure], separated from the recycled heated pressurized fluid, then a dispersant and a surfactant is 
pressed in and heated to a set temperature, subsequently kept for a prescribed time to apply a 
spherulitization treatment. After the treatment, the resin particles are slowly cooled with warm water, 
cool-ing water or chilling water passed in the jacket. 

[0035] Next, a pressure release valve 13 (or 15) is opened [at this time, a valve 12 (or 14) is 
closed) at a time that the resin particles containing the blowing agent are cooled to a temperature at 
which they do not foam at normal pressure to return the pressure in the pressure vessels to normal 
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pressure, and then a prescribed temperature is set up to enter a maturing process. 

[0036] After the maturing treatment at a prescribed temperature and time is finished, a resin 
particle discharge valve 24 (or 25) is opened, and the mixture of resin particles and fluid is sampled 
and discharged to a vessel 26 under normal pressure. [~The evacuated pressure vessel 16 (or 18) is 
filled up with warm water, pressurized to a prescribed pressure and comes into a waiting state. J 
Subsequently, objective expandable thermo-plastic resin particles are obtained by drying. 

[0037] The exactly spherical expandable thermo-plastic resin particles thus obtained may also 
be coated with well-known various modifiers such as anti-blocking agent in the preliminary foaming 
at the surface of resin particles, well-known various modifiers such as molding cycle improver, 
antistatic agent, etc. in molding. 

[0038] The processes until a molded object is obtained from the exactly spherical expandable 
thermo-plastic resin particles obtained by the present invention may be a commonly conducted method 
and are not specially restricted, for example, a method may be given wherein individual resin 
particles are fused and integrated to make a molded object by exposing the particles to a steam of 85 
~ 1 10°C and thermally expanding them to make a preliminary foamed particles at a bulking ratio of 
5 ~ 100 times beforehand, exposing the preliminary foamed particles to atmosphere to penetrate air 
into the particles and remove moisture adhering to the particles, subsequently packing the 
prelimi-nary foamed particles passing through this maturing process into a closed-type metal die 
provided with small holes or slits and further thermally expanding the particles again with steam. The 
molded object of preliminary foamed particles thus obtained has a good molding appearance, is 
excellent in product strength, and the expandable thermo-plastic resin particles being raw material 
may also be produced with good efficiency and favorably in economy. 

[0039] 

[Examples] 

The present invention is specifically described by giving examples and comparative 
examples. 

[0040] [Example 1] 

100 pt of polystyrene (weight-average molecular weight 280,000) was fed from a hopper of 
a tandem extruder composed of a first-stage extruder and a second-stage extru-der (first-stage 
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extruder: 50 mm-diameter screw, L/D = 28, and second-stage extruder: 65 mm-diameter screw, L/D 
= 28) and extruded, subsequently 5.0 pt of butane was fed from an injection port in the second half 
part of the first-stage extruder and 1 .6 pt of cyclohexane was further fed from another injection port in 
nearly the same place as the injection port of blowing agent, then polystyrene, butane and 
cyclohexane were melt kneaded by the first-stage extruder and the second-stage extruder. The set 
temperatures of extruders at this time were 240°C in the first half of the extruders and 150°C just 
before the die. 

[0041] The melt-kneaded was extruded at 60°C and 10 kg/cm 2 at a ratio of 50 kg/hr (resin 
particles/heated pressurized fluid = 1/500 in weight ratio) into a cutting box which was filled up with 
a heated pressurized water added with 0.25 wt% of tricalcium phosphate as a dispersant and 8 ppm of 
sodium dialkyldiphenyl sulfonate as a surfactant (to water + resin for the both) by a die head 
(extrusion holes 0.5 mm<|> x 1 00) of the second-stage extruder and immediately cut into water to give 
1 .0 mm expandable resin particles. 

[0042] The produced particles were transferred to the storage vessel attached with an agitator 
by heated pressurized water (60°C, 10 kg/cm 2 ) at a rate of 5 m 3 /hr. The heated pressurized fluid was 
separated from the resin particles by a filter provided at the bottom of vessel and recycled. When a 
given quantity of the resin particles (resin particles/heated pressurized fluid ration =1/1 by weight 
ratio) were stored in the pressure vessels, removed from the system by estimating that a given quantity 
of resin particles was stored in the pressure vessel, this slurry (a mixture of resin particles and heated 
pressurized fluid) was pressurized up to 15 kg/cm 2 , heated to 120°C, then agitated and treated for 0.5 
hr. The particles cut off in the cutting box was transferred into another pressure vessel and stored 
during this spherulitization treatment. 

[0043] After the spherulitization treatment was finished, the slurry was cooled to 40°C under 
pressure (15 kg/cm 2 ) and the inside of vessel was returned to normal pressure, then the particles were 
withdrawn, dehydrated and dried by a centrifugal separator to give expandable polystyrene resin 
particles. 

[0044] The particles thus obtained were perfectly spherical, the butane content was 4.5 wt% 
and the cyclohexane content was 1 .5 wt%. There was no any agglomeration of resin particles during 
the spherulitization treatment. Zinc stearate was coated on these resin particles, then heated with 
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steam to make preliminary expanded particles with a bulking ratio of 60, matured for about one week, 
then packed into a closed-type metal die, heated with steam, melted and pressed to give a foam molded 
object of 290 mm in width, 490 mm in length and 25 mm in thickness, the surface smooth-ness of this 
molded object and the fusion percentage of expanded particles, etc. were measured. Properties of the 
expandable polystyrene resin particles, preliminary foamed particles and molded objects are shown in 
a table. 

[0045] Moreover, the properties were measured or estimated by the following methods. 

(i) Mean particle diameter of expandable particles: Particle diameters of 100 expandable particles were 
measured with a dial gage and their mean value was found. 

(ii) Contents of blowing agent and foaming aid of expandable particles: measured by gas 
chromatography. 

(iii) The expansion ratio of preliminary foamed particles: Preliminary foamed particles with an 
expansion ratio of about 60 were obtained by heating with a steam of 1 kg/cm 2 gage. 

(iv) Appearance of molded objects: the smoothness of surface of molded objects was determined by 
visual observation. 

[0046] O: no any irregularities and air gaps at surface 
O : some air gaps found at surface but no practical problem 

[0047] A: striking air gaps at surface, x: remarkable irregularities of surface. 

(v) Fusibility: foam molded object (plate molded object) was bent and broken at center, the number of 
all particles in this broken-out section and the number of particles broken inside particles were 
measured and calculated by the following expression. 

[0048] 

(number of inside broken particles/number of all particles in this broken-out section) x 100 

(vi) Existence of water leakage: Water was filled in a box molded object and the existence of water 
leak-age after one weak was determined by visual observation. 

(vii) Degree of spherulitization: The shape of expandable resin particles was determined by visual 
observation. 

[0049] o: sphere x: flat rectangular parallelopiped 
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(viii) Existence of particle agglomeration: The shape of expandable resin particles was determined by 
visual observation. 

[0050] [Example 2] The same operations as Example 1 were performed except that a 
dis-persant and a surfactant were added into the storage vessel for spherulitization treatment (process 
3) separated from the system (they were not added into the heated pressurized fluid used in the process 
2 where the melt kneaded resin is cut off), and the exactly spherical expandable styrene resin particles 
were produced and estimated. The result is shown in Table 1. 

[0051] [Example 3] The same operations as Example 1 were performed except that the 
butane amount was 3.5 wt%, a dispersant and a surfactant were added into the pressure vessel for 
spherulitization treatment, and then the temperature and time of spherulitization treatment were 
120°C, 1 hr, and the exactly spherical expandable styrene resin particles were produced and 
esti-mated. The result is shown in Table 1. 

[0052] [Example 4] The same operations as Example 2 were performed except that the 
thermo-plastic resin was a styrene-methacrylic acid copolymer resin (methacrylic acid content 10 wt%) 
being a transparent heat-resistant resin, the temperature of heated pressurized fluid for cutting resin 
particles was 80°C (process 2) and then the spherulitization treatment (process 3) was conducted at 
120°C for 2 hr, and the exactly spherical expandable styrene resin particles were produced and 
esti-mated. The result is shown in Table 1 . 

[0053] [Comparative example 1] The same operations as Example 1 were performed except 
that the heating in the storage vessel and the spherulitization treatment (process 3) were conducted, 
and the exactly spherical expandable styrene resin particles were produced and estimated. The result is 
shown in Table 1. 

[0054] [Comparative example 2] The same operations as Example 1 were performed except 
that the dispersant and the surfactant were not added and the spherulitization treatment (process 3) was 
conducted at 120°C for 2 hr, expandable styrene resin particles were produced, but the particles 
agglomerate with each other and a product was not obtained. 

[0055] [Table 1] 
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Table 1 







Example 


Comparative Example 






1 


2 


3 


4 


1 


2 


Amount of polystyrene resin 




100 


100 


100 




100 


100 


Amount of SMAA resin 










100 






Amount of butane 


% 


5.0 


5.0 


3.5 


5.0 


5.0 


5.0 


Amount of cyclohexane 


% 


1.6 


1.6 


1.6 


1.6 


1.6 


1.6 


Tricalcium phosphate 
















Cut-off 


% 


0.25 


0 


0 


0 


0 


0 


Spherulitization 


% 


0.25 


0.25 


0.25 


0.25 


0 


0 


Surfactant 
















Cut- off 


ppm 


8 


0 


0 


8 


0 


0 


Spherulitzation 


ppm 


8 


8 


8 


8 


U 


u 


Fluid temperature 
















Particle cut-off 


°C 


60 


60 


60 


80 


60 


60 


Spherulitization 


°C 


120 


120 


120 


120 




120 


Spherulitization time 


hr 


0.5 


0.5 


1.0 


2.0 




1.0 


Butane amount in resin 


% 


4.5 


4.5 


3.0 


4.5 


4.5 




Expansion ratio 


fold 


60 


60 


45 


60 


60 




Degree of internal fusion 


% 


95 


95 


95 


95 


85 




Existence of water leakage 




no 


no 


no 


no 


yes 




Appearance of molded object 




O 


o 


o 


o 


-A 




Existence of particle agglomeration 


no 


no 


no 


no 


no 


yes 


Degree of spherulitization 




sphere 


sphere 


sphere 


sphere 


flat 




Particle diameter 


mm 


10 


1.0 


1.0 


1.0 


1.0 





(in Table 1, the surfactant is sodium dodecyl diphenyl ether sulfonate, and SMAA resin is a 
styrene-methacrylic acid copolymer resin). 
[0056] 

[Effect of the invention] According to the present invention, exactly spherical expandable 
thermo-plastic resin particles are also obtained while using the melt-extrusion cutting method 
excellent in productivity. 
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[0057] Therefore, a foam molded object obtained by using the expandable thermo-plastic 
particles obtained by the present invention is excellent in quality characteristics such as surface 
smoothness and fusibility, etc. 

[Brief description of the drawings] 

[Fig. 1] Fig. 1 is a process drawing showing processes for continuously producing the 
expan-dable styrene resin particles of present invention. 
1 : thermo-plastic resin feed port (hopper) 
2: extruder (first) 
3: blowing agent feed line 
4: foaming aid feed line 
5: connecting pipe 
6: extruder (second) 
7: die head 
8: cutter blade 
9: cutting box 

10 and 11: valves (pipes for recycle fluid) 

12 and 14: valves for pressure adjustment 

13 and 15: pressure release valves 
16: storage vessel (first) 

17 and 19: agitators 

18: storage vessel (second) 

20 and 21: filters 

22 and 23: valves (pipes for recycle fluid) 

24 and 25: valves (discharge lines for expandable resin particles) 

26: sampling container of expandable resin particles 

27: filter 

28: normal pressure recycle container 
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29: pressure pump 

30: fluid return valve-line for pressure adjustment 

31: heat exchanger 

32: heating fluid feed pump 

[Fig. 1] Fig. 1 is a process drawing showing processes for continuously producing the 
expan-dable styrene resin particles of present invention. 

Fig.l 

(pi 1, middle) 
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